Abstract-
I. INTRODUCTION
In modern earth-space communication systems, most importantly at higher frequency bands (both uplink and downlink) tropospheric scintillation phenomena happens to be one of the major signal impairments that effect earth-satellite path [1] [2] [3] The impact of scintillation on radio wave signal propagation cannot be over emphasized due to its consistent fluctuation in phase and amplitude which affect signal strength [4] .
At millimeter-wave or short microwave bands scintillation intensity increase with decrease in elevation angle, antenna size and with increase in frequencies [5] . However, the tropospheric scintillation is an intricate phenomenon on earth-space propagation path, which includes the presence of clouds, and boundary layer up to heights of about 20 km within the tropical atmosphere [6] , Also, radiowave signal crossing this path is disturbed by the medium in a haphazard way and therefore enhanced attenuation (caused by a combination of absorption and scattering), the turbulent characteristics of that medium result in random variations of the refractive index. It has been discovered that the robust scintillations have a tendency to happen through the channel of cumulus clouds during the propagation path which is consistent with observations of large refractive index fluctuations in clouds [7] .
These variations in turn modify the amplitude and phase of the received electric field [5] . In practice scintillation intensity is a variable that depends on meteorological conditions, and the resulting variability in scintillation intensity has a considerable impact on the statistics of the scintillation process.
II. SCINTILLATION DATA SOURCE Figure 1 revealed map of West Africa which constitutes of seventeen (17) major members countries in Africa with population density of about 287 million. Also, the Nigeria Communication satellite (NigComsat II) signal set up were at longitude 42.5º E and latitude 0.00º N look angles to Nigeria. The satellite location was in Ethiopia at a height of 35,786 km. Data obtained from ITU-R study group 3 data bank base were used as input parameter to compute the scintillation fade.
Daily, monthly, and yearly mean measured data of surface temperatures, pressure, and relative humidity, have been used as input parameters for the study of scintillation fade loss in West Africa. The tropospheric scintillation is calculated along earth-space paths at frequencies between 10 to 50 GHz. Matlab 7.0 was used to implement the equations in the procedure of ITU-RP [8] valid for frequencies between 1 GHz and 350 GHz.
III. RESULT AND DISCUSSION
The result in Table 1 represents the summary of tropospheric scintillation in West Africa for 53 minutes outage in an average year that is 0.01 % unavailability at Cband (6/4), Ku-band (14/12), Ka-band (30) and V-band (50/40) GHz frequencies for both uplink and downlink respectively. It can be observed that the minimum is at Cband while the maximum values of scintillation is observed at V-band for each country, this is because the higher the frequency the higher the signal impairments effect. For Cband; lowest scintillation values were observed for Carpe Verde at 0.118 dB, followed closely by Niger, Mauritania, Senegal and Mali with 0.139 dB, 0.140 dB, 0.151 dB, and 0.152 dB respectively. Generally, these nations (with yellow colour) are good place to site satellite communication link at all frequencies because they have low or little scintillation fade on earth-space link. Meanwhile, at higher frequencies such as Ku band and above, great attention is required especially at V-band; countries (with red colour) like Ghana, Togo, Benin republic, Ivory Coast and Nigeria has the highest scintillation fade with values 1.575 dB, 1.560 dB, 1.472 dB, 1.453 dB and 1.236 dB respectively. However, 100% fadeout might occur if a satellite communication link is planned with a low margin of about 1 dB fade depth at V band in the locations. 
IV. CONCLUSION
Study on tropospheric scintillation effect on the earthspace path has been communicated and presented in this paper. The scintillation model and data used is based on Telecommunication Union Radiowave Propagation model (ITU-RP 618, 2012) and meteorological data from ITU-R SG3 data bank International propagation model data bank respectively at C, Ku, Ka, and V bands for both uplink and downlink frequencies for 17 locations in West Africa. The results revealed that 99.99 % availability is possible at C and Ku bands on both uplink and downlink at all stations in West Africa due to low signal fade. However, at Ka and V bands scintillation fade were estimated to have major effect at 0.01 % unavailability of an average year on both uplink and down link.
Hence, tropospheric scintillation has little concern at lower frequencies like C-band than rain and other impairments but, at higher frequencies (Ku and above) is an important concern in satellite communication systems. The results in this research will help in planning and designing transmission and reception of radio wave signals across West-Africa region.
